The objective was to analyse the proteomic composition of uterine flushes collected from 17 beef heifers on Day 7 post-insemination. Oestrus was synchronised in cross-bred beef heifers 18 using a Controlled Intravaginal Drug Releasing device (CIDR) protocol. Heifers detected in 19 standing oestrus (within 24-48 h post CIDR removal) were inseminated (oestrus=Day 0) with 20 frozen-thawed semen from a single ejaculate of a bull with proven fertility. Heifers from 21 which an embryo was recovered (following slaughter on Day 7) were classified as either 22 having a viable embryo (morula/blastocyst stage) or a degenerate embryo (arrested at the 2-23 to 16-cell stage). The overall recovery rate (viable and degenerate combined) was 64%. 24
having a viable embryo (morula/blastocyst stage) or a degenerate embryo (arrested at the 2-23 to 16-cell stage). The overall recovery rate (viable and degenerate combined) was 64%. 24
Global LC-MS/MS proteomic analysis of the histotroph collected identified 40 high 25 confidence proteins present on Day 7; 26 proteins in the viable group, 10 in the degenerate 26 group and four shared between both groups. Five proteins (Platelet-activating factor 27 acetylhydrolase IB subunit gamma (PAFAH1B3), Tubulin alpha-1D chain, Tubulin beta-4A 28 chain, Cytochrome C and Dihydropyrimidinase-related protein-2) were unique or more 29 abundant in the histotroph collected from animals with a viable embryo and one protein 30 (S100A4) was more abundant in the histotroph collected from animals with a degenerate 31 embryo. Of interest, PAFAH1B3, detected only in histotroph from the group yielding viable 32 embryos, belongs to the group of platelet activating factors that are known to be important for 33
Introduction 38
Embryo mortality in cattle, reflected in reduced conception rate/calving rate per service, is a 39 major cause of economic loss for the farming industry. In heifers, only 60% of single 40 inseminations lead to a successful full term pregnancy despite a fertilisation rate of 90-95% 41 dynamic changes in the uterine epithelium that are tightly regulated by changes in steroid 47 when the embryo was at the correct developmental stage for age (i.e. morula/early 110 blastocyst), or (ii) the degenerate group when the embryo was arrested at the 2-to 16-cell 111 stage. Heifers from which an unfertilised oocyte was recovered or from which no structure 112 was recovered were omitted from the study. Within 30 min of slaughter the reproductive tract 113 of all heifers was flushed with 20 mL of 10 mM Tris (pH 7.2, Sigma, Dublin, Ireland) by 114 injecting this volume into the tip of the uterine horn and collecting it at the caudal end of the 115 uterine body. All flushes were subsequently transported on ice to the laboratory and flushes 116 were centrifuged at 4000 x g for 30min at 4°C prior to snap freezing in liquid nitrogen and 117 storage at -80°C until further analysis. 118 119
Protein extraction from uterine flushes 120
Proteins were extracted from six samples (three heifers per group) that were visibly free from 121 blood (no red colour) using acetone precipitation as described previously [14] . Each sample 122 was thawed on ice, split into 2 aliquots of 10 mL. Four volumes of ice cold acetone were 123 added and samples stored at -80 °C overnight. Samples were then thawed, centrifuged at 124 4,000 x g for 30 min at 4 °C and the supernatant removed. The pellets were resuspended in 125 100 µl of 100 mM Tris buffer, transferred into 1.5 mL Eppendorf tubes and sonicated briefly 126 to aid resuspension. Samples were centrifuged at 12,000 x g for 30 min at 4 °C to remove 127 insoluble material and the supernatant decanted and frozen at -80 °C for proteomic analysis.
Extracted uterine proteins were vacuum dried and subjected to reduction and alkylation and 134 proteolytic digestion as described by [21] . Cysteine residues were reduced by using 10 mM 135 DTT in 100 mM ammonium bicarbonate for 1 h at 56 °C. The samples were alkylated with 136 50 mM iodoacetamide in 100 mM ammonium bicarbonate for 30 min at room temperature 137 and digested with sequencing grade modified porcine trypsin 100 ng (Sigma-Aldrich, Ireland) 138 on a rotary shaker at 37 °C for 8 h. Samples were subsequently dried down and stored at -80 139 °C until further analysis. 140 141
Chromatography 142
Proteolytic peptides were resuspended in 1 mL of strong cation exchange (SCX) buffer A (10 143 mM K 2 PO 4 , pH 3.0 25% MeCN) and separated offline by strong cation exchange using a 144 Estimation of false positives was conducted by searching all spectra against decoy databases. 171
The cut-off false discovery rate (FDR) for peptide spectrum matches was <1% and the 172 maximum FDR observed for peptide sequences was 2.6 %. Only proteins with a PEAKS 173 score of −10 log P ≥ 20, containing at least one unique peptide and only peptides containing 174 an unbroken "b" or "y" ion series of a minimum of 4 amino acid residues were considered for 175 further analysis. 
Protein identification 211
To discern the most biologically pertinent proteomic profiles, and considering the low 212 number of animals per group (n=3), thresholds were applied to characterise high confidence 213 targets present in the viable or degenerate groups. These included: 1) signal presence in all 214 three animals in either group; or 2) identification with at least one unique peptide per sample 215 (as mentioned above); similar criteria as utilized in previous studies [30, 32, 33] . This 216 classification identified a total of 40 high confidence proteins; 26 proteins in the viable group, 217 10 in the degenerate group and 4 common to both groups ( Tubulin, alpha 1d (TUBA1D), Cytochrome c-1 (CYC1) and dihydropyrimidinase-like 2 222 (DPYSL2). One protein, S100 calcium binding protein A4 (S100-A4), was significantly 223 increased in histotroph from the degenerate group but failed to maintain significance after 224 multiple testing correction. However, it was retained in the subsequent analysis anddiscussion to avoid loss of pertinent information and as prior information on its abundance inuterine flushes on Day 7 in cattle has been reported [19] . 227 embryos that lack CYC1 die in utero by mid gestation [49] . The fact that this protein was 307 more abundant in flushes from uteri that yielded a viable embryo indicates this protein may 308 be important for early embryo survival. While CYC1 is typically classified as non-secretory, 309 bioinformatic analysis using Secretome P predicted CYC1 to be secreted non classically (data 310 not shown). 311
312
The remaining protein more abundant in the flushes of uteri of which a viable embryo was 313 recovered was DPYSL2. DPYSL2 has been described in relation to neuronal development 314 and axon growth, the family of dihydropyrimidinases is known to have a role in growth and 315 development and deficiency of this protein in humans can lead to abnormalities of both a 316 neurological and gastrointestinal nature [50] . DPYSL2 has also been identified as one of the 317 proteins that are part of a group that appears to be a specific target of protein carbonylation. 318
In the brain the carbonylation of DPYSL2 leads to shortening of dendritic length with 319 consequent decreased interneuronal communication. In general, protein carbonyl content is 320 the most general and well-used biomarker of severe oxidative protein damage in many human 321 diseases. The role of reactive oxygen species (ROS) that cause this protein damage hassignificant biological damage to cells [51] . Under physiological conditions, there is an 324 established balance between formation and neutralisation of ROS, but this fine balance is 325 disrupted, for instance by disruption in the anti-oxidant defence mechanism of the cell, 326 oxidative stress and hence damage to the cell can occur. Protein carbonyls have been found in 327 both placentas and decidua of women that suffered from pre-eclampsia, suggesting a role of 328 damage done by ROS in this disorder [52] . The increased abundance of DPYSL2 in heifers 329 from which subsequently a viable embryo was recovered suggests it might play a role in 330 embryo protection regulating the oxidative damage at this stage of early pregnancy. Indeed, 331 DPYSL2 has been reported approximately 3-fold more abundant on Day 7 compared with 332
Day 13 [19] , which may indicate a stage specific requirement for this protein during early 333 embryo development. 334
Only one protein was identified as more abundant in the histotroph of heifers yielding 335 degenerate embryos compared with viable embryos, S100-A4. We have previously identified 336 S100-A4 unique to Day 7 uterine flushes compared with those on Day 13 [19] . S100A4 is a 337 protein involved in the regulation of a number of cellular processes such as cell cycle 338 progression and differentiation [53] . The protein belongs to a group of calcium binding 339 proteins that tend to be highly expressed in pathological conditions. The group of S100 340 calcium binding proteins has been associated with a number of aspects of the interaction 341 between cancer cells and stromal cells, and contributes to the formation of an inflammatory 342 tumor microenvironment [54] . It has also been associated with cancer cells and appears to 343 contribute to the motility of tumor cells and as such the progression of metastasis [55, 56] . 344
The relative increase in abundance of S100-A4 in the flushes of animals that yielded a 345 degenerate embryo may indicate a negative impact of excess S100-A4 on early embryodevelopment perhaps through the anti-and pro-inflammatory processes that occur during thepre-implantation phase as we previously hypothesised [37] . 348
In conclusion, we identified 40 proteins in histotroph collected from the uterus on 
